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Abstract
Conventional systems characterized by intensive tilling has negative effects on soil, water and air quality,
biodiversity and landscape. Soil degradation due to erosion and compaction processes is probably the most important
environmental problem caused by conventional agriculture. On the other hand, with conservation systems the soil is
protected from wind and water erosion, the soil aggregates, organic matter and fertility level increase and soil
compaction are reduced. This paper specify the important environmental problems caused by conventional technologies
and the main arguments for adoption of conservation tillage systems
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1. Introduction
Tillage systems are sequences of operations
that manipulate the soil in order to produce a crop.
Operations include tilling, planting, fertilization,
pesticide application, harvesting, and residue
chopping.
The ways in which these operations are
implemented affect the physical and chemical
properties of the soil, which affect plant growth [6,
7]. The particularities of soil tillage are determinate
by minimum three factors: eco-climatic
characteristics of the area, agro technical
requirements for soil tillage and necessary of
equipments [13, 8].
Soil tillage systems can be able to influence
soil compaction, water dynamics, soil temperature,
fuel consumption and crop yield. These processes
can be expressed as changes of soil microbiological
activity, soil respiration and sustainability of
agriculture [5, 2].
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Conservation tillage leaves at least 30% of
crop residue on the soil surface, or at least
1,100 kg/ha of small grain residue on the surface
during the critical soil erosion period.
This slows water movement, which reduces
the amount of soil erosion. Conservation tillage also
benefits farmers by reducing fuel consumption and
soil compaction [9].
By reducing the number of times the farmer
travels over the field, farmers realize significant
savings in fuel and labor [15].
2. Material and Method
Conventional technologies and conservation
soil technologies are briefly presented in the
following paragraphs.
Traditional or conventional tillage, which
varies widely among regions, refers to the sequence
of operations “most commonly used in a given field
to prepare a seedbed and produce a given crop" [14].
Conventional tillage involves the use of a
moldboard plow as the primary tillage tool followed
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by multiple trips with secondary tillage tools like
disks, harrows, and field cultivators [11].
The purpose of the moldboard plow is to
pulverize and invert the soil, which buries crop
residue, aerates the soil, helps control crop pests,
incorporates fertilizers, and provides a good seedbed
for better germination.
Conventional technologies which use
moldboard plough as primary tool, has an negative
impact to the environment because includes
intensive soil tillage with incorporation of residues
to control weeds and to prepare the seed bed.
These technologies decrease soil organic
matter and fertility and increase soil compaction,
soil erosion and ground and surface water
contamination with pesticide and fertilizers. Also,
conventional technologies increase the emission of
CO2 into the atmosphere contributing to global
warming.
All those negative effects reduce the
sustainability of agriculture.
Conservation technologies includes several
practices which permit the management of the soil,
for maintain natural structure and biodiversity of the
soil and to reduce degradation process, such as
compaction and wind/water erosion.
Most definitions of conservation systems
specify that at least 30% of the crop residue
(1,100 kg/ha of small grain residue) must remain on
the soil surface at the time of planting. Soil
conservation technologies includes different soil
tillage systems, such as: minimum tillage, ridge
tillage, reduced tillage, mulch tillage and no tillage.
All those systems reduces, changes and
eliminates soil tillage and maintain crop residues on
soil surface throughout the year which decrease soil
erosion, stabilized soil aggregates, increase organic
matter and  natural fertility.
Because soil organic matter tends to
increase under conservation tillage, as compared to
conventional plowing, the soils are also more
effective at storing carbon.
Table 1. Advantages and disadvantages of conventional and conservation tillage systems [3]
System Major advantages Major disadvantages
Plow Suited for poorly drained soils. Excellent
incorporation. Well-tilled seedbed.
Major soil erosion. High soil moisture loss. Timeliness
considerations. Highest fuel and labor costs.
Chisel Less winter wind erosion from roughened
surface. Well adapted to poorly drained soils.
Good incorporation.
Little erosion control. High soil moisture loss. Shredding
may be needed for residue flow. Medium fuel and labor
requirements.
Disk Less erosion with more residue. Well adapted
for well-drained soils. Good incorporation.
Little erosion control with more operations. High soil
moisture loss. Destroys soil structure. Compacts wet soil.
Ridge
Plant
Excellent for furrow irrigation or poorly
drained soils. Ridges warm up and dry out
quickly. Well suited for organic production.
No incorporation. Must be annual row crops. Wheel
spacing and other machinery modifications may be
needed. Creating and maintaining ridges.
Strip-till Tilled residue-free strip warms quickly.
Injection of nutrients into row area. Well
suited for poorly drained soils.
Cost of preplant operation. Strips may dry too much,
crust, or erode without residue. Not suited for drilled
crops. Timeliness in wet falls. Possible RTK guidance
costs
No-till Excellent erosion control. Soil moisture
conservation. Minimum fuel and labor costs.
Builds soil structure and health.
No incorporation. Increased dependance on herbicides.
Slow soil warming on poorly drained soils.
3. Results and Discussions
Conservation tillage systems change many
soil properties when are used for a long period.
Tillage systems affect soil properties such as
temperature, moisture, bulk density, aggregation,
organic matter content, and plant properties such as
root density.
Effects of tillage on soil temperature
Because of crop residue, the soil temperatures
are lower when using conservation systems than in
other tillage systems.
Residues reflect a part of the solar energy and
delay soil drying and this results in cooler spring
soil temperatures, as show in table 2 and table 3.
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Table 2. Influences of tillage systems on soil temperature [3]
Tillage System Average daily maximum
soil temperature (°C) at 10 cm,
8 weeks after planting
Plough, 2x 21.9
Chisel, field cultivate 19.8
Ridge-till 21.0
No-till 18.4
Table 3. Influence soil tillage systems on soil temperature (0C), 0-50 cm depth in wheat and corn cultivation [10]
Tillage system Soil temperature, (0C)
Wheat Maize
Moldboard Plough 17.3 23.2
Paraplow 19.3 23.5
Chisel 18.9 23.4
Rotary harrow 19.4 23.9
Direct sowing 19.5 23.9
Moisture conservation between tillage systems
It has been reported by many authors that
conservation systems (particular no-tillage) increase
water content in the soil profile in comparison with
traditional systems (plough), particularly in dry
years [1].
When using conservation tillage systems, the
amount of water stored in the soil profile are
increase. The crop residues left on soil surface
reduce evaporation and increase water infiltration
(Table 4).
Better infiltration allows more water to be
stored in the soil profile The conservation of soil
moisture can be very important in regions of
reduced rainfall, on soils low in water-holding
capacity, and in years with low rainfall.
Table 4. Influences of tillage systems on soil transpiration and evaporation [3]
Month Rainfall[mm]
No tillage Moldboard plow
Transpiration
[mm]
Evaporation
[mm]
Transpiration
[mm]
Evaporation
[mm]
May 179 0 21 0 63
June 97 76 9 63 66
July 101 124 3 95 21
August 41 92 2 71 14
Sept. 91 15 5 11 23
Total 509 307 41 242 187
Effects of tillage on soil structure
A healthy soil is one with good aggregation,
where stable pores extend from the soil surface to
deep into the profile. These pores allow water
infiltration, root penetration, and air exchange to
occur. While tillage has been used for crop
production, it does destroy soil structure, breaks up
the soil pores, and reduces the amount of residue on
the soil surface. Soils in conservation tillage systems
have higher bulk densities, aggregation and higher
numbers of root and worm channels than other
tillage systems (Table 5).
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Table 5. Influences of tillage systems on apparent density and total porosity [4]
Specifications
Tillage system:
Moldboard plow Chisel Paraplow Heavy disk
harrow
Minimum
tillage
Apparent density [g/cm3] 1.17 1.27 1.21 1.22 1.19
Total porosity     [%] 56 52 54 54 55
Bulk density is the weight of soil within a
given volume.
Soils with higher bulk densities usually have
less pore space.
This condition can lead to a decreased amount
of root growth. However, in conservation tillage
systems, higher bulk densities do not necessarily
result in reduced root growth.
If the channels are open to the soil surface,
water infiltration increases.
The differences in bulk density between
conservation tillage systems and other tillage
systems usually disappears at the end of the growing
season, because tilled soils become more dense
throughout the season from compaction by rainfall
(Table 6).
Improving soil structure and biological
activity while maintaining residue cover will reduce
runoff, erosion, evaporative losses and the related
environmental impacts.
Table 6. Influence soil tillage systems on soil bulk density (g/cm3), 0-50 cm depth in wheat and corn cultivation [5]
Tillage systems
Soil bulk density
(g/cm3)
Wheat Maize
Moldboard plough 1.24 1.20
Paraplow 1.28 1.22
Chisel 1.29 1.22
Rotary harrow 1.32 1.31
Direct sowing 1.38 1.35
Effects of tillage on organic matter accumulation
Soil quality is determinate by organic matter
content. Long-term implementation of conservation
tillage practices increases organic matter levels in
the soil. Lower soil temperatures and increased soil
moisture contribute to slower rates of organic matter
oxidation. Increases in organic matter are normally
observed within the surface 10 cm of soil (Table 6).
Higher organic matter levels stabilize soil
aggregates, which increases soil tilth. Such benefits
do not persist, however, if plowing is occasionally
implemented in the conservation tillage system
Table 6. Percent Organic Matter in Various Tillage Systems [3]
Depth (cm) Organic matter content[%]
Moldboard Plow No-till
0-10 4.1 4.8
10-20 4.1 4.2
20-30 3.7 3.8
Effects of tillage on fuel consumption
The energy consumed in field operations is
influenced by several factors among: clime, type of
soil, tillage depth, plots size, work speed,
mechanization level [12].
Reducing the energy consumption at soil tillage, in
general and on the sloping ground especially, represents a
challenge for the scientists and farmers.
Even within the conventional tillage system
there are preoccupations to reduce the fuel
consumption: plough depth reduction, alternate the
plough with soil tillage using the disk harrow, no
plough for 1-2 years within a rotation crop of four
years and plough when the soil has the optimum
humidity for tillage.
Replacing the conventional tillage system
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with conservation systems, with paraplow, chisel
and rotary harrow, leads to a reduction in fuel
consumption to 64.1-91.4% in the wheat cultivation
and to 52.7-91.6% in the corn cultivation (Table 7).
Table 7. The fuel consumption (l/ha), by technology variants, in wheat and corn cultivation [10]
Tillage systems
Fuel consumption
Wheat Corn
l/ha % l/ha %
Ploughing 61.60 100 95.62 100
Paraplow 56.33 91.4 87.58 91.6
Chisel 51.32 83.8 71.69 75.0
Rotary harrow 39.50 64.1 50.36 52.7
4. Conclusions
Conservation tillage systems benefit from
improving soil proprieties, water conservation,
organic matter accumulation, reducing soil erosion,
fuel consumption and soil compaction
Conservation systems leaves crop residues
on soil which protects the soil surface from erosion
by absorbing the impact energy of raindrops and
reducing soil particle detachment. In growing
season, residues protect the soil from sun and wind,
reducing water loss through evaporation. In winter,
standing residue increases soil moisture by trapping
winter snowfall.
The factors influencing tillage quality, soil
erosion and fuel consumption are multiple and
diverse. They can be technical, organizational,
economical and eco-climatic factors. These factors
have to be well understood and rationally applied in
order to employ a technology that will assure a
maximum of productivity, a minimum of costs and a
low energetic input, for a sustainable agriculture.
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